A europium(III) DOTA-tetraamide complex was designed as a MRI sensor of singlet oxygen ( Singlet oxygen ( 1 O 2 ), the lowest excited electronic state of molecular oxygen, is a highly unstable reactive oxygen species (ROS) that plays a significant role in many chemical and biological processes including cell signaling transduction and host defense against intruding microorganisms. 1,2 Singlet oxygen can also oxidize a variety of biological molecules including proteins, DNA and lipids resulting in inhibition of normal cell functions related to cancer, cardiovascular diseases and the aging process. [3] [4] [5] Moreover, artificial photochemical generation of 1 O 2 is thought to be the primary species involved in destruction of malignant cells or tissues during photodynamic therapy (PDT). 6, 7 However, some aspects of PDT remain controversial partly due to the lack of a reliable detection method for 1 O 2 in vivo.
Various methods for detection of 1 This fitting procedure gave values of τ M = 90 µs for EuL and 137 µs for EP-EuL at 298 K, consistent with the sharper water exchange peak and slower water exchange rate in EP-EuL with more electron-withdrawing anthryl endoperoxide functionality. 18 The ∼3 ppm frequency difference between the water exchange peaks in the complexes offered the possibility of imaging singlet oxygen as it accumulates (EuL → EP-EuL) using ratiometric methods. The CEST ratio of water intensities after presaturation at 54 vs. 47 ppm was linear with 1 O 2 concentration over a wide range (Fig. 1B) . Compared with intensity-based measurements, ratiometric detection provides a built-in correction for environmental effects and increases the selectivity and sensitivity of the measurement. Although the bound water lifetimes in EuL and EP-EuL were considerably shorter as expected at 310 K (30 µs for EuL and 35 µs for EP-EuL), the ratio of CEST intensities vs. 1 O 2 concentration remained linear at the physiological temperature (Fig. S5 †) . Experiments were also performed to detect singlet oxygen being produced by the irradiation of the water-soluble cationic porphyrin, TMPyP, an efficient 1 O 2 photosensitizer often used in the context of photodynamic therapy. 7 As seen in Fig. 1C 
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The CEST signal of EuL was pH dependent below 4 and above pH 8 but relatively constant near physiological pH values (Fig. S7 †) . These combined results indicate that EuL may prove useful as a MRI sensor of 1 O 2 in many chemical and biological
environments.
As an initial test for probe toxicity, HeLa cells grown in tissue culture flasks were incubated with 15 mM EuL in physiological saline for 1 h in a 95/5% air/CO 2 chamber at 37°C, washed with PBS (5×) and harvested by treatment with trypsin. Cell viability, defined as the ratio of viable cells to total number of cells, was determined by trypan blue staining using a Neubauer hemocytometer. The cells showed no evidence of necrosis and >97% of the cells were viable. Given that EuL is highly fluorescent as a result of strong emission from the anthryl group (385-455 nm, Fig. S8 †) , cell uptake of EuL was further examined by fluorescence microscopy. HeLa cells grown in glass cell culture dishes were incubated with 5 mM EuL in MEM for 1 h at 37°C in a 95% O 2 /5% CO 2 chamber then washed five times with PBS and examined using a fluorescence microscope. As shown in Fig. 2C and 2D , EuL appears to permeate the cell membrane and distribute throughout the cytoplasm. In separate experiments, HeLa cells cultured in a 75 cm 3 culture flask were loaded with 15 mM
EuL for 1 h at 37°C in 95% O 2 /5% CO 2 , washed 7 times with saline, lysed by scraping and sonication, and transferred to a NMR tube for CEST. The lysate of EuL-loaded HeLa cells displayed an obvious CEST signal at 50 ppm with similar features as seen previously for EuL in aqueous buffer (Fig. 2B) . The amount of EuL per cell as measured by inductively coupled plasma-optical emission spectroscopy (ICP-OES) was 7.5 ± 1.6 × 10 −14 mol. If one assumes a cell volume of ∼4.2 × 10 3 µm 3 , the intracellular concentration of EuL could be estimated at ∼17 mM. This indicates that EuL is highly cell permeable and likely distributes into cells by pinocytosis or macropinocytosis 24 although given the high concentration of agent presented to cells, passive transport could also be partially involved. Given that 1 O 2 is widely regarded as the primary effector of tissue damage during PDT, 6,7 quantification of singlet oxygen during treatment may be important for proper dosimetry. 25 The intent of the present work is to investigate whether 1 O 2 generated upon irradiation of a sensitizer deposited in living cells can simulate PDT in vitro. To test this, HeLa cells cultured in a 75 cm 3 culture flask were co-loaded with 15 mM EuL and 2 mM TMPyP and the flask was irradiated from a distance of 10 cm using a 150 W tungsten lamp for 30 min. Longer irradiation times were not possible due to cell heating. After irradiation, the cells were washed 7 times, lysed by scraping and sonication, and analyzed by CEST spectroscopy. No significant difference could be detected between the CEST signals ( Fig. 2B) 
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independent of pH over the physiological range. These combined features indicate that EuL could be useful for MRI detection of 1 O 2 in many chemical and biological environments.
The major limitation of the current probe is the amount needed for detection by CEST imaging. There are multiple approaches one might take to improve the sensitivity of this agent. For example, replacement of the carboxyl groups on the glycine substituents with phosphonate esters would lengthen the bound water lifetime and thereby increase CEST sensitivity; 27 substitution of the anthracene group in EuL with 10-methyl-9-anthracene (a derivative shown to react ∼10-fold faster 14 with 1 O 2 ). Such modifications should allow greater accumulation of the corresponding EP-EuL endoperoxide derivative over any given period of time and hence improve the end-product detection. A third approach would be to generate a low molecular weight polymer 28 of EuL which could produce greater cell uptake of the agent. Finally, innovative pulse such as FLEX 29 that do not require RF pre-saturation of the bound water signal may ultimately provide a mechanism to enhance the sensitivity of PARACEST agents. Given these potential enhancements, the probe platform reported herein may ultimately provide a useful tool for detection of 1 O 2 generated in cells during photodynamic therapy.
